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A7) T (confined type) o2 Z+2} 7ulel9} gulelE
Aol A3k

2. oE Y

7t A FEEL MAIEH (suxamethonium chlori-
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gdag AAT F FAE SBs%eH, -+ F
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1) MAfeio|Ada] 2HE

(1) ojM7=5 ZHa

&S 459 4 BEES A8 25% glu-
taraldehyde (0.1 M phosphate buffer, pH 7.4, 4TC)°l
2~4A1ZF HIA A7), 0.1 M phosphate buffer (pH
14HZ FE3 NHT F thA] 1% osmium tetroxide
ol 907+ TN, o] ¢FH &L 01
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600, Hitachi) 2.2 #2313 Th

(2) MIZLEIEE A

@ Cytochrome oxidase £+
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catalase”} E3HE 37T 2 mediacl A 6083t ¥H-3-A]
Aok ¥k§o] ¥ A& 0.1 M phosphate buffer
(pH 7.4)Z AH &3 1% osmium tetroxide 2 3174
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1. HE, 2 & AT 24

M7 waz A8 JeRd HEZ]Y AT,
F2 233 AFFAY HEE Table 10] EAI3}
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2. MRfpio|BH o0

(1) oiMT=x £
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Table 1. Comparison of body weight, pectoral muscle weight and heart weight between wild and confined type of doves

Groups Body Weight (g) Pectoral Muscle (% of Body Wt.) Heart (% of Body Wt.)
Wild type 282.142+8.5813 (n=7) 20.14£0.21 (n=7) 1.4810.081 (n=7)
Confined type 341.8751+11.9873 (n=8) 18.84+0.079% (n=8) 1.29£0.073 (n=8)

Each value represents mean=S.E. ® p<0.05; significantly different from the wild type.

A number of determinations are in the parentheses.

Table 2. Results of stereological analysis of cardiac muscle in wild and confined type of doves

Component Wild type Confined type
Volume density (um*/pm®) Myofibril 0.49510.0094 (n=64) 0.50310.0086 (n=65)
Mitochondria 0.233£0.0065 (n=65) 0.218%0.0068 (n=65)

Sarcoplasmic reticulum

0.022£0.0016 =32)  0.017£0.0017" (n=30)

Surface density (um*/pum’)
mitochondria

Inner membrane of

146.354£7.4157 (n=20)  110.139£7.3374% (n=12)

Numerical density (Number/um®) ~ Mitochondria

24.249%1.0870 (n=32)  28.391%1.4983 (n=34)

Each value represents mean®S.E. ¥ p<0.05; significantly different from the wild type, ¥ p<0.01; significantly
different from the wild type. A number of determinations are in the parentheses.

Table 3. Comparison of the reaction of cytochrome
oxidase in wild and confined type of doves heart
mitochondria

Groups Activated mitochondria/unit area
Wild type 0.70710.1190 (n=10)
Confined type 0.6051:0.0584 (n=17)

Each value represents meantS.E.
A number of determinations are in the parentheses.

W42 (lipid droplet)o] BEFHN oM SARTE &
AR FYP3A T gk FFE BT

AL A9 AHAQ banding pattem 2.2 wild
typeoll A= confined typed} Bl:3le] B w) 29
Ao} v #A vely @9 Hol F 2 ¢ &
& wild typeoll 4] ©] ®o] #EHJUTE 2ejn 7 &
AAHFE Atol9] zo) AAF-9 HY FH0lA 28
AYAge] o] FEE A=, confined typeolA]
< wild type¥}t ¥]wale] SHINARY F7}F HA
o} 89 ope} 2FoA Yehhs 83d 93 2
A A (extended junctional sarcoplasmic reticulum,
EISR)o] #ZH 2o (Fig. 3b) F €9 e
Aol FEHA| itk
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Table 4. Comparison of the length of sarcomeres in
wild and confined type of doves

Groups Length of sarcomere (um)
Wild type 1.99740.0158 (n=97)
Confined type 2.0481+0.0170 (n=102)

Each value represents meantS.E.
A number of determinations are in the parentheses.

Wild type?} confined type 25 HH|?] &4 474
< ALY, F T EFA A2 95 Wit
FEAE A=, wild typeol A B A3 WslldS B
%t (Fig. 3a, 4).

(2) Cytochrome oxidase dte

Cytochrome collA AR MRS HEste WAt
A9 713 vk = @A godts dud &
A ] FX)HAQ] cytochrome oxidases, AFy A 2]
iskn} FejdolA e @488 vehiied (Fig
5, 6), wild type (Fig. 5)°] confined type (Fig. 6) X.U}
15% %<& EA9e-S Btk

3. eUrlshAisi 274

Wild type®} confined typeS] A3 o] 3}



Fig. 1. Electron micrograph of the cardiac muscle in
wild type doves (uranyl acetate and lead citrate); The
myocyte was shown well-preserved feature. Myofibrils
{My) appeared intact and formed a regular array. The
well defined sarcomeres showed the typical banding, and
thus Z-, I-, A-, H- and M-band were present. Mitochon-
dria (M) were aligned in columns between the myofibrils.
N; nucleus, ID; intercalated disc. Bar =2 pum.

Fig. 2. Electron micrograph of the cardiac muscle in
confined type doves (uranyl acetate and lead citrate);
Inconspicuous arrangement of capillaries and muscle
fibers which shows normal sarcomeres and intercalated
discs. The well defined sarcomeres were shown more
longer than wild type. Ca: capillary, M: mitochondria,
arrow: lipid droplet, arrowhead: sarcoplasmic reticulum.
Bar=2 pum.

g YA, AFEA, SR ARAEE s |
215k A= Table 29+ ZTh

U469 AHYEE wild typeol A 0.495+0.0094
unr/um®, confined typeoll A} 0.503£0.0086 pm*/um’ s
confined typeoliX] & A YEbstt].

ArgA e AAUEE wild typeoll A 0.23310.0065
um*/um’, confined typeoll Al 0.2181:0.0068 um*/um’ 2,
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Fig. 3. Electron micrograph of the cardiac muscle in
wild type doves (urany! acetate and lead citrate); 3a.
Wide spread “wavy fibers” were shown. Bar = 2 pum.
3b. The cisternae-like expansions of the sarcoplasmic
reticulum (arrows) were shown. Bar = | um.

Fig. 4. Electron micrograph of the cardiac muscle in
confined type doves (urany! acetate and lead citrate); The
degree of wavy fibers was shown less than wild type.
Bar=2 pum.

644% FAaEou BAH Fo4L ATk

2 ANALe] AHLEE wild type©] 0.022+
0.0016 pm/pm?, confined type©} 0.017+0.0017 pm/
un’ 2, confined typedl| Al Fr2]8HA FaE ATt (p<
0.05).

ALA Q] AkA =858 o] AR} EE AFEA W
oto] FHUEE wild typeoll 4] 146.35447.4157 pnv/
um?, confined typeoll Al 110.139+7.3374 pm¥pum’ &,
confined type®] EHEET}F 25% A (p<0.01)d A
o2 Yehgrh

AlgA e} ¢ UEE | um® ol TEEE ALY



Fig. 5. Cytochemical micrograph of the cardiac mus-
cle in wild type doves for cytochrome oxidase activity
(uranyl acetate); The activity of cytochrome oxidase
was shown in the mitochondrial membrane and cristae.
*. activated form. Bar =2 pm.

A9 F8 el FE ALE, wild typeoll Al 24.249
+1.08707}, confined typecllA] 28.391+1.49837§& 1}
E}} confined type©] wild type Bt} &4 YEl)
(p<0.05) AFRA Y AHDxo= Iutse ZHE
Bk

ARG AY v @Alo] Foshs B4 oy-
tochrome oxidase®] WHg-ol &A4-& Ul ALEA ]
& wild typeoll Al A A AFR A2 70.7%, confined
typeoll Al 60.5%E. confined typeollA] Tha WA e}
St} (Table 3).

$E5%0] zjolo] W& AZ2AY & FEE &
oli7] Y&l 2H Hol& AT A, wild type
o &) 1.997+0.0158 pm, confined type A 2.048+
0.0170 pmZE confined type BT} wild type?] 7o)
o #A Jehdout SAA fo8S HolA &gttt
(Table 4).

n  F

E A7 79% 25R3oE ERFHe vdgs
AAH o2 AFANAE Wl Yehls A2 H3A
W3S ANEo 2N, 5% A7 A2 A
J3e AEH R 1A} 319} vy-EFo] §45 5
o] JE ujgo] o}F AP EF Y= &
TFoha A FFEFAA & Udd €84 45E
B, §& F£F AFEE 7RI JoHA Fi

= -
=
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Fig. 6. Cytochemical micrograph of the cardiac mus-
cle in confined type doves for cytochrome oxidase acti-
vity (uranyl acetate); The degree of reaction was shown
less than wild type. *: activated form. Bar =2 pm.

Holx AYEg 5L 28 X F Urh

B Ay 23 v Zae A5 F29 FA
WH3lE Z#81% 0.0, confined type wild typed} H]
ol AFE A4 Vel 29 FAe o @
A Yebkich olgjgt B3 confined typeol A &%
o] el wE Foto B84 9% A (disuse
muscle atrophy) &2 ZHAIES] ol ZABE 9n)
Ak ARE F) @ vz} wEgsle) A
Z, 3ol 71 ®ol o] &HE F I3 ZFHo
A athRRes & Ag99 B W3lE fdd)
gzt = oy} F2Uo| confined typeoll Al &
A8 FAHUL ] FAE & Aole AL
W confined typeo] wild type BT} @A JElRT)
o] nlPL AFg 7)zo] AAke] FA Wil
qgE w2 3 AoF @I

A2o) vAFRA @E A, A8 Age
2 A% FFFY Aolox EFEIL F T EFo
A AR A2 Hejrt gAEACk ATl d
Ho A Vel 01538 WEE wild typeol A o W
L B BRERE, o)A #Hor 11
IR E 8T wlde] o vehd A3E B
29 ol FRF Wyt 439 75l W
€ 23 AL old Aoz dEEHUT v
confined typeol A= A9 958 Wt TAE
e BAE, o] AL YurARl 279 HPHE,
7} obd AZHE F3t oA Wl HAE QU3
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& & 7 UUTE AT PASA S B A
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) Mg Q& 5Tl FaEe] AFEA L]
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£3589 ARt HE AFA U] 3REEE
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AE FejFa glrk

ZHAYALY AHDEE wild typeol A A
e, %02 Q1§ Ca*-induced Ca®™* ATPase
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cytochrome oxidases &% Fol W& BAH& A
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=Abstract=
Degenerative Changes of Myocytes Induced by Restriction of Flight in Doves
Hye-Jung Moon, Yong-Deok Lee' and Won-Hark Park'

Department of Biology, Yeungnam University, Kyongsan 712-749, Korea,
' Department of physical Ti herapy, Taegu Health Junior College, Taegu 702-260, Korea

This present study was investigated to elucidate degenerative changes according to the change of
habitual environment on the myocytes of doves by restricting them from flight that is instinct behavior
of this animal and strong exercise. To restrict doves from flight, they were confined in the cage (1 m’)
for 2 months. After this period, the myocardium of the experimental group was compared to that of
wild doves in the ultrastructural and cytochemical ways. In addition, stereological changes were also
examined.

The results were as followings:

1. The body weight of the confined experimental groups was higher than that of the wild doves, but
the ratios of the pectoral muscle/body weight (p<0.05) and the heart/body weight were lower.

2. At the ultrastructural level, the myocardium of confined doves appeared as wavy fibers in the
smaller area than in the myocardium of wild doves. Also, the length of sarcomeres was longer in the
confined doves. The number of sarcoplasmic reticulum and capillary was smaller in the myocardium of
confined doves.

3. Cytochemical examinations showed that the activities of cytochrome oxidase were lowered in the
confined doves.

4. Stereological analysis revealed that the density of myofibrils was greater in the confined doves. In
contrast, the volume density of sarcoplasmic reticulum (p<0.05) and the surface density of mitochondrial
inner membrane (p<0.05) was lower in the confined doves, while the numerical density of mitochondrial
inner membrane was higher (p<0.05).

These results suggest that even the short period of restricted exercise can induce negative effects on
the functions of myocytes of doves that are adapted for the strong exercise such as flight. Therefore, the
maintenance of prolonged exercise seems to be one of the important factors that are critical to retain the
functions of myocardium.

Key Words: Restriction of flight, Myocyte, Stereological analysis
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